An exploration in the Nomos of Dodecanisos, SE Aegean, Greece, mainly on the islands Kalimnos and Kos, and to a lesser extent on Telendos and Nisiros, revealed the presence of 290 lichen species. Of these, 12 were not recorded before from Greece, and four are described as new to science: Acarospora pseudofuscata, Buellia epifimbriata, Caloplaca aegaea and Pertusaria pseudoparotica. An annotated catalogue is presented, which includes notes on lichen records from Santorini and Paros. The lichen flora does not show any special affinity with the nearby Turkish mainland, in striking contrast to the phanerogam flora. It is similar to that of the Paros archipelago (Central Aegean Islands) and differences can be explained by different substrate availability and chance dispersal (island effect). The lichen flora of Santorini, a vulcanic island recolonized 3500 years ago, differs by a larger representation of widespread species. 15 species appear to have a restricted, eastern distribution in the Mediterranean.
Introduction
In a study on the effects of geological history on the lichen flora of the Aegean islands, the authors provide inventories of selected islands. Two Central Aegean Island groups have been reported before, the volcanic, recently recolonised Santorini group (Sipman & Raus 1995) and the Paros group with a long ecological continuity (Sipman & Raus 1999) . A third site, reported here, was chosen in the Eastern Aegean. Unlike the islands of the Central Aegean, those of the Eastern Aegean were connected with the Turkish mainland during the Pleistocene (Greuter 1970) . The effects of this on the phanerogam flora are so profound that the islands are excluded by the "Flora europaea" (Tutin & al. 1993: 574-575) . It would be of interest to see if a similar effect can be observed in the lichen flora.
The island of Kalimnos was selected for the investigation because of its size and because the geological map indicates both calcareous and siliceous rock (Jacobshagen 1986 ) and small oc-currences of volcanic deposits. During the fieldwork it turned out that most of the island consists of limestone, which is exposed in many cliffs and boulders from sea level to about 700 m at Mt Profitis Ilias. It is partly dolomitized, which probably explains why silicicolous lichens were occasionally found on it. Siliceous formations are present along the west coast near Emborios and Mirties. They are composed of easily fragmenting, scarcely exposed schist. Near Emborios this provides some suitable outcrops for silicicolous lichens. Further south, outcrops are more scarce and smaller, and the rock weakly calcareous, unsuitable for most silicicolous lichens. Similar outcrops are present on the southern part of the nearby island of Telendos. Volcanic rock exposures were not found and the indicated volcanic deposits probably consist of strongly weathered ashes.
Outside the settlements the vegetation is very scarce and restricted to low shrubs usually not over 50 cm. It is called phrygana and a product of many centuries of overgrazing and erosion. The soil is very thin and rock outcrops are common. Larger woody plants are very scattered, mainly occurring near the settlements in the valleys. Here epiphytic lichens are scarce, however.
Accordingly Kalimnos offered few opportunities to sample silicicolous and epiphytic lichens. Therefore the investigations were extended to parts of the island of Kos: the Kephalos peninsula in the west and Mt Dikeos in the centre. The peninsula has abundant rock outcrops of volcanic origin. They are mostly siliceous, but occasionally calcareous. Also a few limestone outcrops occur. Moreover there are abundant trees and shrubs providing ample substrate for epiphytic lichens. Mt Dikeos offers plenty siliceous and epiphytic substrata at higher elevation. It reaches to about 850 m, slightly higher than the highest point of Kalimnos. It consists of schistose rock composed of a dense alternation of siliceous and weakly calcareous layers. Its lower slopes are covered with Cupressus sempervirens-Quercus coccifera forest and orchards of Prunus persica.
Another option had been to include the island of Nisiros. A short visit confirmed that it is of recent volcanic origin. It is composed of a still active volcano with cultivated fields on its outer slopes and a deep crater containing sulphuric springs in the centre. Therefore its lichen flora can be expected to be rudimentary like that on Thira and was not investigated in detail.
For more details about landscape, climate and lichen substrate availability on Aegean islands we refer to Sipman & Raus (1999) . Kalimnos and Kos deviate by the absence of granitic and ultramafic rocks. The schist-like rock is of a different texture and often weakly calcareous. Epiphytic substrate is much more common, due to the presence of Juniperus oxycedrus subsp. macrocarpa and Pinus brutia stands on the Kephalos peninsula and of Quercus-Cupressus forest on Mt Dikeos.
The published information about the lichen flora of the investigated region is summarized by Szatala (1943) . He reports one species from Kalimnos, Cladonia foliacea var. convoluta (Lam.) Vain., and 15 species from Kos, all from 600-800 m elevation on Mt Dikeos: Allarthonia calcicola (Nyl.) Redgr., Diploschistes actinostomus (Pers.) Zahlbr., Lecidea steriza f. submusiva Vain., Catillaria lenticularis (Ach.) Lindau, Rhizocarpon concentricum (Davies) Beltr., Cladonia rangiformis var. pungens (Ach.) Vain., Lecania erysibe (Ach.) Mudd, L. spadicea (Flot.) Zahlbr., Candelariella aurella var. decolorans (Müll. Arg.) Zahlbr., C. vitellina var. rechingeri Servít, Protoblastenia chondrodes (A. Massal.) Zahlbr., Caloplaca craspedia (Ach.) Szatala, C. flavovirescens (Wulfen) Dalla Torre & Sarnth., Gasparrinia aurantia (Pers.) Syd. and Diplotomma subochraceum (Zahlbr.) Szatala. These are mostly widespread species, which were encountered regularly during our own investigations. Some are taxa where species concepts and nomenclature have changed considerably, so that a reinvestigation of the original material would be required to make sure which taxa are concerned.
Material and methods
The procedures for the investigations were the same as described by Sipman & Raus (1999) . All investigated localities are situated in the Nomos of Dodekanisos, East Aegean Islands, Greece.
A preliminary evaluation suggests that the flora is comparable to that of Paros (Sipman & Raus 1999 : table 1-4). Any differences can easily be explained by differences in substrate availability and by the different altitudinal distribution of the sampling points. Epiphytic and calcareous substrata were much better represented, while granitic and ultramafic rocks were absent (Table 1) . Sampling points below 50 m are scarce (see Material and methods) .
A comparison with the two similarly investigated Aegean island groups, Santorini and Paros (Sipman & Raus 1995 shows a closer similarity with Paros (Table 2 ). Both harbour similar numbers of taxa, 276 and 295, and similar contingents of taxa not found on the other island groups, 24% and 26%. The Santorini archipelago has a distinctly smaller flora, 182 taxa, and the contingent of taxa not found on the other island groups is only 15%. Santorini was recolonised after a volcanic eruption about 3500 years ago, and the figures suggest that its flora is still incomplete and composed to a larger extent of easily spreading species.
The following taxa were found only on Santorini (15% of its flora), with number of locations in brackets: Anema cf. decipiens (A. Exclusive for Paros (24% of its flora) are: Acarospora cf. scotica Hue (2), A. subrufula (Nyl.) H. Olivier (2), Anaptychia runcinata (With.) J. R. Laundon (2), Anema cf. prodigulum (Nyl.) Table 2 . Shared taxa (species, varieties and chemical strains) of three island groups in the Aegean Sea, Greece: Santorini (Sipman & Raus 1995 , Paros (Sipman & Raus 1999) Most of these exclusive species were found only once. This suggests that they are uncommon taxa, found on one island by chance. They are unlikely to reflect any significant floristic difference between the islands. The exclusive species found more than two times are for statistical reasons more significant. However, they are all widely distributed species, as far as their distribution is known. Therefore they offer equally no indication for a special character of the lichen flora on any of the investigated island groups. This means that we found no indication for a close affinity of the lichen flora of the Dodecanese archipelago with Turkey, unlike in the phanerogams.
The results support the suggestion by Sipman & Raus (1999) that the lichen flora of the Aegean islands is probably reduced due to the strong human influence, which caused sensitive species to disappear and only species with sufficient recolonising capability to remain. Moreover, the large numbers of exclusive species suggest that the total lichen flora of the Aegean Islands is probably much larger than our results so far and that further investigations are likely to reveal many more taxa.
The considerable number of species newly reported for Greece shows that the knowledge of the distribution of lichens in the Mediterranean is still very incomplete. Therefore it seems premature to discuss lichen species restricted to the E Mediterranean and their ranges. However, it is possible to select some potential candidates from our observations. Table 3 lists all encountered species which are currently known only from the E Mediterranean (and sometimes also from adjacent, non-Mediterranean areas). Their absence from the western part can be considered as fairly certain in view of the extensive lichenological explorations in France, Spain and Italy. Table 3 . Lichens observed on Santorini (S), Paros (P) (Sipman & Raus 1995 and Kalimnos/Kos (KK) and known so far only from the eastern Mediterranean.
Acarospora pseudofuscata
S, P, KK. -Only known from the Aegean, newly described below.
Arthonia cretacea
KK. -Known from Italy (Sicily) and Croatia (Dalmatia) (Nimis 1993) . Buellia epifimbriata P, KK. -Only known from the Aegean, newly described below.
Caloplaca limonia
KK. -Known from southern Italy (Nimis & al. 1994 ).
Caloplaca veneris
P. -Known from Cyprus, Greece and Italy (Nimis & Tretiach 1999) . Dirina cretacea S, P, KK. -Known from Croatia, Greece and Cyprus (Tehler 1983) , Turkey (John 1996) and eastern Italy (Puglia) (Nimis & Tretiach 1999) .
Haematomma nemetzii
P. -Known from Greece, Turkey, Bulgaria and Croatia (Pisut 1971 , Staiger & Kalb 1995 , John 1996 . Lecidella aegaea S, P. -Only known from the Aegean (Knoph & Sipman 1999) , probably overlooked elsewhere while recently described and needing TLC for identification.
Neocatapyrenium latzelii
KK. -Known from Yugoslavia (Breuß 1990, sub Catapyrenium) . Neocatapyrenium rhizinosum P, KK. -Known from Greece, Turkey, Irak, Iran, Usbekistan (Breuß 1998) . Neofuscelia attica S, P, KK. -Known from Greece and Cyprus (Esslinger 1977, sub Parmelia) . Pertusaria parotica S, P, KK. -Only known from the Aegean (Sipman & Raus 1995) . Pertusaria pentelici S, P, KK. -Only known from Greece (Erichsen 1936 , sub Melanaria) Pertusaria pseudoparotica P, KK. -Only known from the Aegean, newly described below. Pertusaria rhodiensis P, KK. -Described from Rhodos, Greece; Hanko (1983) reports it also from southern Italy (GZU 4935), but may have misunderstood the species.
Some of the listed species are quite conspicuous and well known, and their distribution can be considered as fairly certain, in particular Dirina cretacea, a very common, large lichen in the Aegean, which has never been found west of the Adriatic side of Italy, and Haematomma nemetzii, a large lichen with conspicuous red apothecia, of which the westernmost locality is in Croatia. They seem to represent a phytogeographical element with a range centred on Croatia, Greece, Turkey and Cyprus.
Several species suggest that there is also a more restricted, Aegean element. For the fairly well known Pertusaria pentelici no literature reports exist from outside the Aegean area and the adjacent Greek mainland. Some of the new species described by us may have a similar distribution.
An Asiatic or Turkish element reaching its western limit in the Aegean, and supporting the inclusion of the Dodecanesos in an Anatolian flora province, seems very scarce among lichens, if existent at all. Neocatapyrenium rhizinosum may come close to this. Its Greek locations are mainly on Karpathos and Rhodos, and we found it several times on Kalimnos. However, there is also a report from Mt Olympus, and we found it on Paros.
For most of the listed species there are good reasons to consider the known distribution as very incomplete, certainly for those found in Greece and Cyprus but not in Turkey. The known distribution of a small microlichen such as Caloplaca veneris is more likely to mark the trails of lichenologists than the actual distribution of the species.
Annotated list of the lichens found on the islands Kalimnos, Telendos, Kos and Nisiros
Numbers in brackets refer to the localities listed above; the subsequent 5-digit numbers indicate voucher specimens, which are deposited in the herbarium Berlin-Dahlem (B), unless otherwise indicated.
Where no discussion of the species concept is presented, it is generally the same as in Sipman & Raus (1999) and usually follows recent revisions. Names of provisionally identified species are not in bold. An asterisk in front of the name denotes a seemingly first published record of this species for Greece. In the absence of a recent lichen checklist for Greece there is no certainty about this status.
In order to present a more complete impression of the lichen flora, the list includes all collected specimens, including those that could not be identified completely.
Acarospora hilaris (Dufour) Hue -(26) 47166. -Nisiros, c. 50 m, on lava stone of wall around field.
TLC: rhizocarpic acid. The specimen looks atypical because the thallus is rather thick and the marginal lobes are short and inconspicuous. This is perhaps because of the atypical habitat, on a wall. The species forms more typical, large patches on tall, vertical rock faces of the crater wall. Thallus fuscus, plagas areolatas, 10 cm superantes formans; areolae c. 0.2-1 mm latae, ad c. 0.5 mm crassae, angulares, paulo concavae, nonnumquam laeviter albopruinosae, latere inferiore nigro, marginales paulo elongatae ad c. 1.5 mm longae. Ascomata vulgo solitaria, immersa, emarginata, in initio rotunda et 0.1-0.2 mm diametro, postea angularia et partem grandem areolarum occupantia, disco laeve, hymenio 90-100 µm crasso, paraphysibus 1.5-2 mm crassis, ascosporis numerosissimis, ad 4-6 × 2-2.5 µm. Acidum gyrophoricum et paulo lecanoricum continens.
*
Thallus crustose, forming dark brown, closed patches, often over 10 cm wide, areolate; areoles c. 0.2-1 mm wide, to c. 0.5 mm thick, angular, slightly concave with usually slightly raised, concolorous or occasionally somewhat darker margins, contiguous but not overlapping each other, slightly glossy, occasionally slightly white-pruinose in the centre, with black lower side; marginal areoles slightly elongated, to c. 1.5 mm, with rounded outer margin; cortex 50-100 µm thick, with 2-4 µm wide cell lumina and 2 µm thick cell walls; algal layer regular, c. 100 µm thick; medulla of loose, c. 3 µm wide hyphae often densely covered with c. 1-5 µm diam. crystals; lower cortex c. 20-50 µm thick, of dense, c. 0.3 µm thick, thick-walled, incompletely agglutinated hyphae, with a c. 3-10 µm thick, dark brown top layer; photobiont cells c. 5-10 µm diam., rounded.
Ascomata mostly single in the areoles, immersed and without margin, initially rounded and 0.1-0.2 mm in diam., finally filling most of the areole and angular, with dark brown, slightly depressed, smooth disc; hymenium 90-100 µm; paraphyses 1.5-2 mm wide; ascospores several hundreds per ascus, c. 4-6 × 2-2.5 µm.
Chemistry. -Gyrophoric, trace of lecanoric acids (TLC); cortex K-, C+ red (brown top layer, visible only in section at high magnification); med. K-, C+ red; reaction often weak and sometimes negative, but gyrophoric acid found in all specimens by TLC.
Distribution and ecology. -Known so far only from the Aegean in Greece, from the island groups of Santorini, Paros, Kalimnos and Kos, where it grows on rather steep faces of siliceous, exposed boulders between 50 and 400 m. It is probably more widespread and overlooked because of confusion with A. fuscata (Nyl.) Arnold.
Notes. -This species is probably closest to Acarospora fuscata (Magnusson 1929 , Roux 1981 , Purvis & al. 1992 ). However, A. fuscata differs by the conspicuous C+ red reaction of its surface. Further its areoles are paler brown, subsquamulose, they frequently overgrow each other and have an undulated to grooved surface; usually its thallus forms smaller patches, often on top of boulders, and its medulla always reacts C-negative.
Acarospora scotica Hue is very similar in morphology. It differs by the absence of gyrophoric acid and by the consistent presence of black margins at the areoles (Roux 1981) .
Pruinose specimens from Santorini were reported before as Acarospora umbilicata (Sipman & Raus 1995: no. 29167, 29215) . They were the reason why that species was considered very variable. In fact, A. umbilicata is clearly distinct by its strongly concave, often scattered areoles with free margins (Roux 1981 Our material is easily confused with A. versicolor Bagl. & Carestia, a morphologically similar species without gyrophoric acid (Roux 1981) , because the C-reactions on cortex and medulla are often negative. However, TLC showed the presence of gyrophoric with a trace of probably lecanoric acid in all specimens. The species was not found on Kos or Nisiros. The thallus is of a paler colour than in material from Paros and Santorini, and the apothecia are not well developed. Therefore the identity is not completely certain. The material is mostly poorly developed and may belong to more than one species.
Acarospora veronensis
Anaptychia ciliaris (L.) A. Massal.
- (11) The material lacks properly developed spores. Only in one specimen an incompletely developed, transversely septate spore was seen. Such material is easily mistaken for other species of Arthonia. The shape of the ascomata is rather variable, from linear and lirella-like to almost rounded.
Specimens with short ascomata have been erroneously called A. caesiella Nyl. by Sipman & Raus (1999) Remaining spores in old asci become brown. The hymenium is thinner than often indicated, about 30-40 µm thick. Therefore the species might be confused with A. arthonioides (Ach.) A. L. Sm., a normally saxicolous species occasionally found on trunks (Purvis & al. 1992 ).
Arthonia radiata (Pers.) Ach.
- (30) TLC, 3 types: 1. tr. norstictic, stictic, tr. cryptostictic acids (46842, 46863, 46965, 47283, 47327) ; 2. norstictic, tr. stictic, tr. connorstictic acids (46730, 47400); 3. none (46952). In specimen 47283 only stictic acid was found, in 47400 only norstictic acid.
Unlike in W Europe (Purvis & al. 1992 , Clauzade & Roux 1985 , the encountered material of A. calcarea mostly contains lichen substances. Also specimens from Santorini and Paros were found to contain mostly lichen substances. From Santorini (Sipman & Raus 1995) [ATHU] . -Kalimnos and Kos, 300-800 m, lichenicolous on A. calcarea on exposed calcareous rocks in phrygana.
TLC: norstictic acid. Contrary to the Paros material studied before (Sipman & Raus 1999 ) the material lacks stictic acid and therefore belongs to var. microspora instead of var. justii (Servít) Clauzade & Cl. Roux. The thalli in no. 46839 and 46940 are small and were not investigated by TLC.
The separation of poorly developed specimens from A. calcarea was not always clear. In well developed specimens the 8 small spores per ascus and the lichenicolous habit set A. cheresina clearly apart from A. calcarea, which has 4 large spores per ascus and grows directly on rock. However, often the ascocarps do not contain spores, and thalli of A. cheresina may remain after its host has disappeared, so that the lichenicolous habit is no longer visible. Then thalli of A. cheresina may be recognized by their smaller size and by their radiating areoles; however, this morphological differentiation is also not always clear. Following Purvis & al. (1992) and Clauzade & Roux (1985) there would also be a chemical difference, A. cheresina often containing stictic and/or norstictic acid, while A. calcarea constantly lacking these substances. However, as reported above, the Aegean material of A. calcarea is different and often contains these substances.
Aspicilia contorta (Hoffm.) Kremp. -(7) in 46778; (27) 47204. -Telendos and Kos, 30-250 m, on weakly calcareous rock in phrygana.
The thallus is composed of 0.5-1 mm wide, rounded, scattered to contiguous, convex, white-pruinose areoles. The apothecia are poorly developed, with 0.2-0.4 mm wide, irregularly rounded, dark grey, weakly pruinose discs.
Aspicilia cupreoglauca de Lesd. - (24) 47128; (27) 47432 [ATHU] . -Kos, 200-250 m, on exposed siliceous rocks in phrygana.
TLC: norstictic acid; medulla K+ yellow turning red.
Aspicilia intermutans (Nyl.) Arnold -(2) 46640, 46642, 46659, 46688; (8) 46640, 46659, 46688, 47055, 47078, 47124, 47155, 47171, 47176, 47194, 47197, 47425, 47445, 47312, 47379, 47394); 2. stictic, tr. cryptostictic? acids (46793, 47318); 3. none (46642, 46904, 47200, 47429); 4. norstictic, tr. stictic, tr. cryptostictic? acids (47152, 47321) .
As in our previous publication (Sipman & Raus 1999: 254) , this taxon is used here as a dustbin for most of the available Aspicilia specimens from siliceous substrata. They vary greatly in morphology and chemistry, but we were unable to find clear discontinuities enabling species delimitations among them. Characters of ascomata and conidiomata are of little help for further differentiation because they were observed only in a few specimens.
Aspicilia radiosa (Hoffm.) 46864; (13) 46871; (30) 47331 [ATHU] . -Kalimnos and Kos, c. 300-700 m, on limestone rocks in open places, usually phrygana.
All material contains norstictic with a trace of connorstictic acid and is from limestone, contrary to the situation on Paros (Sipman & Raus 1999) , where the species is chemically variable and occurs also on weakly calcareous rock. Only one specimen from Kos fits this group reported from Paros (Sipman & Raus 1999: 255 In our earlier paper (Sipman & Raus 1999) this taxon was treated as B. vilis? According to Scheidegger (1993) it is perhaps better included in B. sequax (Nyl.) Zahlbr. Our material consists of two distinct groups, one with a visible thallus containing norstictic acid, treated here as B. sequax, and one without visible thallus, treated here as B. abstracta. Only one specimen of B. abstracta, no. 46796, has traces of thallus, which appears to be without substances (TLC). The spores are in the range of 4.5-5 × 9-10(-14) µm, and usually not so narrow as indicated by, e.g. Purvis & al. (1992 Thallus in thallo Buelliae fimbriatae crescens, areolatus, griseofuscus, ad 3-5 mm latus; areolae angulares, ad 0.2-0.4 mm diametro, superficie plano vel leviter convexo, opaco, margine vulgo elevato pallido; cortex superior typo phenocorticis, ad 15 µm crassus. Apothecia solitaria, immersa in areolis, nigra, rotunda vel leviter angulata, ad c. 0.3 mm diametro, disco plano vel paulo convexo, margine indistincto; excipulum tenue, hyalinum strato externo tenui fusco; hypothecium pallide fuscum; ascosporae octonae, griseae, biloculares, septo mediano non incrassato, sine constrictio ad septam, 10 × 5-7 µm, pariete laeve. Acidum norsticticum continens.
Thallus lichenicolous on Buellia fimbriata (Tuck.) Sheard, crustose, areolate, dark grey-brown, usually forming 3-5 mm wide, rounded or more irregular, to 10 mm long patches on the thallus of the host; areoles angular, mostly 0.2-0.4 mm diam., with flat to slightly convex, grey-brown, dull surface and often bordered by a thin, raised, pale line; cortex composed of a c. 5 µm thick (in KOH solution), necrotic layer on top of a c. 10 µm thick layer of dense, short-celled, thick-walled hyphae with dark brown pigmentation (phenocortex, cf. Scheidegger 1993: fig.  3A) ; algal layer c. 60 µm; medulla and algal layer in KOH solution producing a yellow solution which crystallises to form red needles. Apothecia immersed, one per areole, black, rounded or somewhat angular, to c. 0.3 mm diam., with flat to slightly convex disc, with indistinct margin; excipulum thin, hyaline with thin, dark brown outer layer; hypothecium pale brown to brown, thicker than the hymenium and containing remains of it; hymenium 40-50 µm, clear; epithecium dark brown; ascospores 8 per ascus, grey, bilocular with median, transverse, thin septum, not constricted at septum, 10 × 5-7 µm, oblong, with smooth wall.
Chemistry. -Norstictic acid (TLC, no. 42864, 47119) .
Distribution and ecology. -Known only from the southern Aegean in Greece, from the islands Antiparos and Kos, on volcanic rock at 50-200 m. The thalli are evidently lichenicolous on Buellia fimbriata, and, like the host, found on steep faces of exposed rock, usually cliffs in phrygana.
Notes. -The new species is characterised by its small, dark thalli growing on Buellia fimbriata (Scheidegger 1987 (Scheidegger , 1993 . It differs from the other lichenicolous Buellia species with an own thallus by the presence of norstictic acid. It is also the only lichenicolous Buellia known from B. fimbriata.
The contact zone between B. fimbriata and B. epifimbriata is often black, suggesting that their thalli are clearly delimited and independent. However, in some places B. epifimbriata seems to invade the areoles of B. fimbriata. If B. epifimbriata turns out not to be a lichenicolous species, it has to be compared with B. atrocinerella (Nyl.) Scheid. and B. tiroliensis Körb. (Scheidegger 1993) . Both have rather dark thalli, smooth spores and norstictic acid. B. atrocinerella differs by its rimose-areolate thallus with elongated marginal lobes and B. tiroliensis by its glossy, brown thallus. B. aethalea (Ach.) Th. Fr. has a paler thallus, its apothecia have a concave to flat disc and a trace of a white thalline margin when young, and the ascospores are larger, 13-18 µm long, with rugulose surface. [ATHU] ; (24) 47149; (27) in 47239. -Kos, c. 150-300 m, on exposed, siliceous rocks in phrygana, preferably on N-exposed cliff faces.
In our earlier publication (Sipman & Raus 1999) this species was erroneously stated to contain diffractaic acid. Comparison with extracts from Alectoria ochroleuca and Thelomma mammosum shows that the TLC pattern resembles that of the latter and that in accordance with Scheidegger (1993) 3-chlorodivaricatic acid is present. Ricoi & al. (2000) suggest that the species is better placed in the genus Dimelaena. Thallus saxicola, placodioideus, centro areolatus, aurantiaco-flavus ad aurantiaco-ferrugineus; areolae ad 0.2-0.4 mm latae, convexae; areolae marginales elongatae, ad 1-1.5 mm longae, lobuliformes; cortex superior crassitudine irregulari, ad 20-60 µm; stratum algiferum ad 100 µm crassum; hyphae medullares ad 4 µm crassae. Apothecia frequentia, sessilia, basi constricto, rotunda, ad 0.4-0.8(-1.5) mm diametro, margine distincto, ad 0.1 mm crasso, plano, thallo concolore, disco paulo obscuriore; excipulum pallidum, algas continens; hypothecium pallidum; hymenium 60-70 µm crassum; ascosporae octonae, 10-15 × 9-11 µm, septo 4-5 µm crasso, initio ellipsoidales, postea citriformia. Thallus et apothecia K+ obscure violaceo-rubra.
Thallus saxicolous, placodioid, areolate in the centre, with lobed margin, non-pruinose, yellowish to brownish orange; areoles c. 0.2-0.4 mm wide, convex; marginal lobes c. 1-1.5 mm long, 0.2-0.3 mm wide, loosely appressed; upper cortex of irregular thickness, 20-60 µm, composed of small-celled, pachydermatic parenchyma with 2-4(-6) µm wide lumina and c. 2 µm thick walls, the uppermost c. 10 µm with yellow crystals (parietin?); algal layer c. 100 µm thick, interrupted by scattered bundles of periclinal hyphae; medulla with c. 4 µm thick hyphae and scattered algal cells, without crystals. Apothecia frequent, sessile with constricted base, rounded, c. 0.4-0.8 (-1.5) µm in diam., with c. 0.1 mm wide, distinct, usually not prominent margin of the same colour as the thallus, and somewhat darker disc; hypothecium and excipulum colourless, excipulum with algal layer; hymenium 60-70 µm, clear; paraphyses c. 2 µm thick, with few inflated top cells 10 × 4 to 5 × 5 µm; ascospores 8 per ascus, hyaline, polarilocular, ellipsoid when young, finally with much widened septum and citriform, 10-15 × 9-11 µm, with 4-5 µm thick septum.
Chemistry. -Thallus, apothecia K+ dark purple.
Distribution and ecology. -This species is known from Paros, Antiparos and Kalimnos in the Aegean Sea, Greece, from Sardinia, Italy, and from southeastern Spain. It grows mainly on horizontal faces of low siliceous rocks and boulders in open vegetation, at altitudes of c. 5-150 m, not far from the sea. It seems to prefer rather fresh rock surfaces.
Notes. -Caloplaca aegaea externally resembles C. saxicola most closely. It differs most clearly by the presence of citriform ascospores. The differentiation needs care, however, since the ascospores become citriform only in a late stage and in preparations the majority of the spores is often ellipsoid. The loosely appressed marginal lobes also help to separate the species.
The other placodioid species of Caloplaca in Europe with citriform spores, C. aurantia (Pers.) J. Steiner, C. flavescens (Huds.) J. R. Laundon and C. thallincola (Weddell) Du Rietz (Clauzade & Roux 1985 , Purvis & al. 1992 , Nimis 1992 differ by the following characters: C. aurantia has flat, closely appressed, usually wider marginal lobes, often with white-pruinose zones; it resembles C. aegaea in colour. C. flavescens and C. thallincola have longer and more strongly convex, closely appressed marginal lobes with a yellowish colour, the first sometimes with white-pruinose zones. C. aurantia and C. flavescens differ also in habitat preference: in the same localities as C. aegaea they grow on limestone, not on siliceous stone. The material fits C. carphinea sensu stricto (Breuß 1989 The specimen belongs to the completely sorediate morph (Caloplaca citrina s.str.), contrary to the specimens reported from Santorini (Sipman & Raus 1995) , which are corticate with delimited soralia and belong to C. flavocitrina (Nyl.) H. Olivier (Boom & al. 1998) . On weakly calcareous substrata C. erythrocarpa tends to have a thin and scarce thallus. Then it resembles specimens of C. crenularia with a poorly developed thallus, and the hymenium size may be useful for distinction. In C. erythrocarpa it is c. 80-90 µm thick, in C. crenularia c. 60 µm.
Caloplaca flavescens (Huds.) J. R. Laundon -(3) 46717 [ATHU, B] ; (11) A species of the C. crenularia group, characterised by an areolate thallus bordered by a black hypothallus. The apothecium colour is rather variable, usually rusty red, but sometimes more rusty orange or very dark, almost black. 47287. -Kos, c. 230 m, on soil among exposed calcareous rocks in phrygana.
*Caloplaca limonia
The specimen agrees fairly well with an isotype at GZU(!), except in the absence of apothecia. The material deviates by spores with thick septa. Perhaps it is a form of C. polycarpa with reddish apothecia. However, thalli with such apothecia are sometimes found on limestone next to thalli with more yellowish, smaller apothecia, and then they give the impression of a separate species. Another possibility is that it concerns a form of C. subochracea Werner without epilithic thallus. However, no specimens with better developed thallus, as usual in C. subochracea, have been found. Of the same colour as C. aegaea, but easily recognizable by the absence of citriform spores and by its smaller apothecia, to c. 0.5 mm wide.
47223 deviates by its larger apothecia, which resemble C. aegaea. However, no citriform spores were found. Its marginal lobes are poorly developed and its status is uncertain. This specimen has yellowish apothecia and a thick, warty, yellowish thallus, and it overgrows Verrucaria s.l. It may be close to C. polycarpia, but differs clearly from the material cited above under this name by its thick thallus and larger apothecia. In the investigated area this species seems to avoid strongly calcareous substrate; it was not found on the abundant limestone rocks of Kalimnos. In most specimens of C. vitellina the thallus granulations are somewhat squamulae-like and 0.2-0.5 mm wide with crenulate margins. Two specimens differ significantly because the thallus granulations are only 0.05-0.1 mm in diam., and do not become flattened. A similar specimen was also found on Santorini (28870) . This material is referred to as f. granulosa Hakul. A larger number of records is needed to establish whether it merits a higher rank than that of a forma.
Candelariella xanthostigma (Ach.) Lettau - (31) The excipulum pigment is restricted to a narrow outer zone. The identification is with doubt, because the substrate is unusual and the hypothecium is yellowish brown. The hypothecium colour suggests that it might belong to C. nigroclavata (Nyl.) Schuler, but that species grows on bark. 46991, 47024, in 47087, 47122, 47222, in 47239, 47301, 47305 46679) . The species is treated here in a wide sense, as in our earlier publication (Sipman & Raus 1999) . 46998, 47000 [ATHU, B] . -Kos, c. 300 m, on trunk and sheltered twigs in open woodland. On Erica manipuliflora Salisb. and Pinus brutia.
Catillaria praedicta

Lecanora expallens
TLC: usnic acid, zeorin, unidentified traces (47000). TLC: atranorin, gangaleoidin, unidentified traces (47382, 46975, 47202, 47317) . 47383 also contains skyrin. TLC: atranorin, unknown Lcm-1 (Brodo 1984), unidentified traces (47356, 46746, 47347, 47363 The species grows on vertical, rather sheltered faces and on rather horizontal, strongly sun-exposed faces. Under sheltered conditions it has a pale, slightly yellowish colour, while in exposed situations it looks very different, brownish.
Lecanora gangaleoides
Chemistry investigated by spot test only: thallus C+ orange. 46652, 46987, 47042, 47141, 47187, 47076) .
Lecanora puniceofusca
No. 47076 showed a trace of connorstictic acid, and morphologically somewhat deviates by the absence of pycnidia and the thicker apothecium margin.
Lecanora sulphurea (Hoffm.) Ach. -(2) 46645; (3) 46737 [ATHU] ; (18) (46645, 46673, 46737, 46955, 47063, 47071 The identification is doubtful because the hypothecium is brown and the asci seem to be of a different type as illustrated by Boqueras (2000) . The specimen does not belong to Lecidea s. str.
Lecidea fuscoatra (L.) Ach.
- (30) 46639, 46643, 46661, in 46680, 46684, 47032, 47048, 47053, 47072, 47142, in 47147, 47175, 47192, 47433) . TLC: granulosin, arthothelin, unidentified trace (46674, 47145, in 47163, 47164 Knoph & al. 1995); 2. capistratone (47339); 3. isoarthothelin, unidentified xanthones (47343, 47404); 4. granulosin, arthothelin (46747, 46749, chemotype B after Knoph & al. 1995) .
Lecidella carpathica
Lecidella scabra (Taylor) Hertel & Leuckert -(1) in 46601 [ATHU] ; (2) 46651. -Kalimnos, c. 50-60 m, on siliceous rock and (46601) on thin soil cover on calcareous rock, in phrygana.
TLC: thuringione, unidentified traces (46651; chemotype II of Knoph & al. 1995) . Stictic acid was already reported by Leuckert & al. (1995) . The stictic acid race is chemically similar to L. lobificans Nyl., which differs by the presence of zeorin and its preference for trees and mossy rock. This is a lichenicolous fungus. In the available specimen it is hosted by sterile thalli resembling Opegrapha niveoatra, but larger and without ascomata. Neofuscelia attica (Leuckert, (27) (47020, 47206, 47208, 47216, 47308) . Norstictic and a trace of connorstictic acid were additionally present in 47308, where the content of PP1 and PP2 was lower. Norstictic acid is apparently much less common in the investigated population than on Paros and Santorini (Sipman & Raus 1999 Esslinger (1977) . Elix (2002) recognized three species in this group, restricting N. pulla to specimens with stenosporic acid as dominant substance. The specimen of N. pulla reported from Paros (Sipman & Raus 1999) 47130, 47139, 47178, 47240, 47374, 47385, 47390) .
Lepraria nivalis
Pertusaria monogona Nyl. -(2) 46680; (27) 47177, 47183, 47188 [herb. Pirintsos] , 47427 [ATHU] . -Kalimnos and Kos, c. 50-250 m, on siliceous rock in phrygana .
TLC: norstictic, trace of connorstictic acids (46680, 46691, 47177, 47183, 47188, 47427) . All specimens are sterile, therefore the identification is provisional; however, the material agrees well with specimens from Paros (Sipman & Raus 1999 (47034, 47046, 47144, 47240, 47381, 47424 47017, 47021, 47105, 47131, 47137, 47182, 47184, 47212, in 47426, 47377) . Thallus saxicola, griseoalba ad pallide rufoalba, opaca, magna, 10 cm diametro vulgo excedens, areolato-papillata, areolis ad 0.2-0.6 mm latis. Ascomata discoidea, immersa, vulgo solitaria, disco 0.3-0.5 mm lato, cinereo, pruinoso, ascis ad 200 × 50 µm, ascosporis binis ellipsoideis ad 100-125 × 50 µm, pariete glabro, apicibus non incrassatis. Pycnidia ignota. Acidum protocetraricum continens.
Thallus saxicolous, greyish to pale brownish white, dull, sometimes slightly pruinose, large, often over 10 cm across, c. 0.5-1 mm thick, areolate-papillose; areoles c. 0.2-0.6 mm wide, initially rather flat but soon vaulted and finally strongly raised and forming a papilla to c. 0.5 mm wide and tall, or the larger areoles a fold to over 0.5 mm tall; fertile areoles c. 0.5-1 mm raised, to about 2 mm wide, with usually a single, sometimes up to 5 ascomata; thallus margin locally thick and zoned over a narrow zone to 1 mm wide, with dark prothallus.
Ascomata discoid, immersed in the fertile areoles, with 0.3-0.5 mm wide, grey, whitish-pruinose disc, seemingly short-lived and regenerating, causing the development of 1-3 concentric rims around the disc, sometimes leaving yellowish scars; these scars usually single, rounded, 0.2-0.5 mm in diam.; asci c. 200 × 50 µm; ascospores 2 per ascus, ellipsoid, c. 100-126 × 50 µm, smooth-walled, not thickened at the poles (47129, 47134). Pycnidangia not seen.
Chemistry. -protocetraric acid (TLC: 29165, 47129, 47133, 47134, 47135, 47136, 47138, 47154, 47203, 47372) , sometimes with traces of gyrophoric acid, atranorin or other, unidentified substances.
Distribution and ecology. -So far known only from the Kefalos peninsula and Mt Dikeos on Kos, East Aegean islands, and from the Santorini islands, Cyclades archipelago, Greece, at 200-600 m elevation. The species grows on slanting faces of fully exposed, siliceous rock and is locally common.
Notes. -The presence of protocetraric acid as major substance and of two spores per ascus is an uncommon combination in the genus Pertusaria. According to Archer (1993 Archer ( , 1995 it occurs in only three species worldwide, P. composita Zahlbr., P. digrediens Nyl. and P. thwaitesii Müll. Arg. All three differ by their corticolous habitat and verruciform ascomata; moreover, P. digrediens is sorediate. P. pseudoparotica is very similar to P. parotica in external morphology and in the presence of two spores per ascus, and a chemical test is necessary for the distinction. It is treated here as a separate species in accordance with the appreciation of chemical differences in recent monographs on the genus (Archer 1993 (43285, 47401, 47403) . The material fits the description by Erichsen (1938) . The presence of norstictic acid is in contradiction with Hanko (1983) , who states that the type lacks lichen substances. However, in the orginal description Erichsen (1938) mentions positive P-and K-reactions, which would be in accordance with the presence of norstictic acid. One of the specimens investigated by Hanko (Monte Pollino, leg. Poelt [GZU]) appears to be externally indistinguishable from our material. However, microscopical examination showed that it deviates from the description by Erichsen (1938) TLC: thiophaninic, trace of norstictic, stictic, trace of cryptostictic acids (47159, 47215, 47371, in 47396) .
This species was erroneously reported from Paros by Sipman & Raus (1999) The specimen deviates by the presence of protocetraric acid. In this way it resembles Pertusaria amara (Ach.) Nyl., from which it deviates by the presence of norstictic acid. This may indicate that P. teneriffensis is better included in P. amara, and that this species is chemically diverse in the Mediterranean. A morphologically similar specimen from Santorini (Sipman & Raus 29052) lacks norstictic acid and is included in P. amara. Boqueras, (in 46708, 46816, 46911, in 46936) . The presence of two chemotypes differs from Paros where only one chemotype was found (Sipman & Raus 1999 The identification is provisional and follows the delimitation used by Sipman & Raus (1999) .
Pertusaria werneriana
Verrucaria compacta (A. Massal.) Jatta - (2) (Sipman & Raus 1995) belongs to the second type. 46839. -Kalimnos, c. 700 m, lichenicolous on Aspicilia calcarea on limestone rock on exposed hilltop with phrygana.
Verrucaria fuscula
